Background
Introduction
Atrial fibrillation (AF) is the most common type of rhythm disorder. AF is responsible for the majority of ischemic strokes and thromboembolism, and is also closely related to all-cause mortality [1] . The current risk stratification schemes for ischemic stroke in patients with nonvalvular AF vary widely and have only limited predictive effects.
Obesity is considered to be one of the risk factors for hypertension, coronary heart disease, diabetes mellitus, and congestive heart failure. In recent years, obesity has been repeatedly established as an independent predictor of incident AF and higher overall mortality [2] . Some studies [3, 4] have shown that obesity is associated with progression of AF, inflammation, and hypofibrinolysis, suggesting that obesity might be a risk factor for thromboembolic events. Other studies [5] [6] [7] have also indicated that obesity can independently predict the occurrence of AF, left atrial thrombus formation, and atrial structural remodeling. However, widely applied recommendations, such as the CHADS 2 (congestive heart failure, hypertension, age 75, diabetes mellitus, and prior stroke or transient ischemic attack) score [8] or the CHA 2 DS 2 -VASc (congestive heart failure, hypertension, age 75 years, diabetes mellitus, stroke, vascular disease, age 65-74 years, sex category) score [9] , consider obesity as an accompanying risk factor for stroke with AF. Thus far, the prognostic impact of obesity on outcomes among AF patients has not been well investigated.
Therefore, whether obesity is an independent risk factor for ischemic stroke and thromboembolism is still controversial [10, 11] . This study aimed to investigate the effects of BMI on the risks of stroke and thromboembolism in patients with nonvalvular AF.
Methods

Study population
We retrospectively reviewed the data of a total of 1286 hospitalized patients with AF who were admitted in Chinese PLA General Hospital (one of the largest general hospitals, with over 4000 beds, in Beijing, China) from January 2008 to June 2010. All of the patients have a permanent and personal registration number in the hospital, which allows complete collection of patients' outpatient and inpatient attendance. The hospital electronic medical database records all of the medical histories, therapeutic procedures, thromboembolic events, deaths, and laboratory and imaging data. Information on comorbidities and events were based on the International Classification of Disease, 10th Revision (ICD-10) codes 427.3 and 427.31/I48. The inclusion criteria included a history of paroxysmal, persistent, or permanent AF. Patients with valvular heart diseases, those who had been treated with radiofrequency catheter ablation, and those in the acute phase of cardiovascular diseases or uncontrolled infection were all excluded.
Methods
General information, including height (m) and body weight (kg), was recorded on admission. Body weight was measured by a digital scale with patients wearing either light clothing or underwear, and was recorded to the nearest 100 g. BMI ). The risk of stroke was assessed by the CHADS 2 risk score and CHA 2 DS 2 -VASc risk score. Patients were followed up using electronic database and telephone calls to record major clinical adverse events, including ischemic stroke, thromboembolism, and all-cause deaths. Paroxysmal AF was defined as lasting less than 7 days with spontaneous termination according to published guidelines. Persistent AF and permanent AF were considered as non-paroxysmal AF. Ischemic stroke was defined as sudden onset of neurological deficit lasting >24 h and was confirmed by computed tomography (CT) or magnetic resonance imaging (MRI). Thromboembolism was defined as sudden occlusion of an artery to a visceral organ or extremity documented by imaging or pathology and not attributable to concomitant atherosclerosis or other etiologies. Renal dysfunction was defined as the presence of chronic dialysis or an estimated glomerular filtration rate (eGFR) <60 mL/min per 1.73 m .233, where SCR is serum creatinine and 1.233 is the adjustment coefficient for Chinese [13] . Information of the endpoints was collected from the medical records and questionnaires that were answered by patients themselves or relatives.
Ethics statement
The written informed consents were obtained from all subjects or their designated relatives for their clinical records to be used in this study. The Institutional Review Board of the PLA General Hospital approved this retrospective study.
Statistical analysis
All statistical analyses were performed with IBM SPSS statistics version 19.0 (SPSS, Inc., Chicago, IL). Continuous variables are shown as mean ± SD. Data with a non-normal distribution are shown as median with interquartile range (IQR). Univariate analysis was computed using the un-paired independent samples t test for continuous variables and chi-square test or Fisher's exact test (when the 2×2 table had <5 patients) for categorical variables. The Cox proportional hazard model was adopted to calculate the adjusted hazard ratio (HR) of risk factors for clinical adverse events. Confidence intervals (CIs) were 95%. A two-sided P value <0.05 was considered significant.
Results
Patients' characteristics
A total of 1286 patients with AF (males, 78.30%; mean age at baseline, 74.5±13.86 years) were followed up for a median of 2.1 years (IQR: 1.5-2.9 years). In this cohort, 81 patients were at low risk (CHA 2 DS 2 -VASc risk score = 0) and 19 of them received anti-platelet drugs. A total of 147 (11.43%) patients were at intermediate risk (CHA 2 DS 2 -VASc risk score = 1), 85 of whom received aspirin or clopidogrel. Only 171 patients (13.30%) received oral anticoagulation therapy, despite 1058 patients (82.27%) having guideline recommendations (CHA 2 DS 2 -VASc risk score 2) [9] .
Clinical characteristics of the study population and an overall analysis comparing all of the BMI groups are shown in Table 1 . In this cohort, 44 (3.42%) patients met the BMI criteria for underweight, 482 (37.48%) met the BMI criteria for overweight, and 92 (7.15%) met the BMI criteria for obesity. Obese patients were relatively younger (P<0.01) and had a higher rate of hypertension and current smoking, and a lower rate of prior stroke and coronary artery disease than did those with normal weight (P<0.05). Overweight patients had a higher rate of hypertension and a lower rate of heart failure and prior stroke than did those with normal weight (all P<0.05). Diastolic blood pressure was higher in obese patients and overweight patients than in those with normal weight (both P<0.01). Overweight patients and obese patients were treated more frequently with oral anticoagulation therapies than normal weight patients, respectively (P<0.05). The highest proportion of patients over 75 years old was 81.82% in underweight patients. No significant differences in complications were observed among different BMI groups.
Clinical events
Clinical outcomes and crude incidence rates of patients with AF according to BMI is listed in Table 2 . During the 2869 person-years of follow-up (median: 2.1 years), 159 (12.36%) patients died, 33 (2.57%) died of cardiac death, and 14 (1.09%) died of cerebral death. A total of 84 (6.53%) patients had stroke, 35 (2.72%) had other thromboembolic events, and 35 (2.72%) had myocardial infarction. The annual all-cause mortality in underweight patients was approximately 14.29%, and declined stepwise to 6.75%, 3.64% and 2.04% in normal weight, overweight and obesity patients, respectively (overall P<0.01). Moreover, the annual events of cardiac/ cerebral death and myocardial infarction increased from the BMI categories of obesity to underweight. The annual events of thromboembolism were highest in obese patient (2.55%), intermediate in underweight and normal weight patients (1.10% and 1.23%), and lowest in overweight patients (0.96%). The prevalence of stroke was higher in overweight patients (3.74%) than that in normal weight patients (2.53%). On univariate analysis, the cumulative incidence of all-cause mortality was highest in underweight subjects, followed by normal weight, overweight and obese subjects. The cumulative incidence of ischemic stroke was highest in overweight subjects and that of thromboembolism was highest in obese patients (Fig 1) .
Multivariate analyses
HRs using normal weight patients as the reference after the end of the follow-up period are shown in Table 3 . At the end of the follow-up, the crude HRs for ischemic stroke in the overweight patients and thromboembolism in the obese patients were higher than those in the normal weight group, and remained significant (HR: 1.82, 95% CI: 1.16-2.84, P = 0.009; and HR: 4.83, 95% CI: 1.75-13.36, P = 0.002, respectively) after adjusting for risk factors included in the CHADS2-VAS risk score and for other risk factors. The HR in the underweight group was higher than that in the normal weight group for all-cause death (HR: 2.01, 95% CI: 1.12-3.60, P = 0.019) after adjusting for other risk factors. The HR in the overweight patients was lower than that in the normal weight patients for all-cause death (HR: 0.68, 95%CI: 0.47-0.99, P = 0.044). There were no significant differences in HRs for cardiac/cerebral death among the different BMI categories. Additionally, after adjusting for other risk factors, age 75 years was an independent risk factor for ischemic stroke, thromboembolism, and all-cause death (HR: 3.12, 95% CI: 1.76-5.53, P<0.001; HR: 5.18, 95% CI: 1.53-17.55, P = 0.008; and HR: 2.58, 95% CI: 1.61-4.12, P<0.001, respectively). Persistent AF and permanent AF were more closely related to thromboembolism than paroxysmal AF (HR: 2.81, 95% CI: 1.25-6.32, P = 0.012). A history of prior thromboembolism was an independent risk factor for recurrence or other new onset thromboembolic events (HR: 7.81, 95% CI: 3.66-16.69, P<0.001). Heart failure, prior 
Discussion
Thromboembolic complications are adverse outcomes in patients with AF. Additionally, thromboembolic events have a similar rate in paroxysmal and persistent AF [14] . As is known, BMI is now commonly used to estimate body composition and identify overweight and obese patients. However, whether an increased BMI in AF patients can increase the risks for thromboembolic events is unknown. This study investigated 1286 nonvalvular AF patients, and showed that an increased BMI category was potentially related to a higher risk of ischemic stroke and thromboembolism. Similarly, being underweight could predict all-cause death independently of those clinical variables in the CHA 2 DS 2 -VASc risk score. Because obesity is an increasing problem at present, our results might have important implications for the management of AF. Current risk stratification schemes for thromboembolism in AF have only limited predictive effects and additional prognostic variables are still being sought [15, 16] . Obesity is often, but not always, considered to be a component of metabolic syndrome, a condition that has a definite thromboembolic risk. The effect of obesity on AF outcomes has not been well investigated. Therefore, the association between obesity and thromboembolism in AF patients is unclear. A cross-sectional study by Novo et al. [10] found no association between obesity and the risk of thromboembolic events in a study of 480 AF patients. However, other studies have supported the notion that obesity is associated with a worse prognosis, such as stroke and thromboembolism in AF patients. In our study, we found that the risk ratios for ischemic stroke and thromboembolism in overweight and obese patients were higher than those in normal weight patients, even after adjusting for CHA 2 DS 2 -VASc risk factors. The HR for all-cause death in the underweight group was higher than that in the normal weight group after adjusting for other risk factors. There was no significant difference in the risk ratio for cardiac/cerebral death among the different BMI categories. The results of this study are partly in accordance with other studies on AF patients [17] . Overvad et al. demonstrated overweight and obesity were risk factors for stroke, thromboembolism, or death (a composite endpoint) in their large cohort of AF patients. Previous studies have suggested that obesity in AF patients is associated with an increased risk of progression of AF, a higher rate of AF [18] , an increased rate of recurrence of atrial fibrillation [19] , and a higher prevalence of a left atrial/left atrial appendage thrombus formation [6] . Additionally, obesity is considered as an independent predictor for procedural failure after catheter ablation [20] in either paroxysmal or persistent/permanent AF [21] . The mechanisms of the higher risk for ischemic stroke and thromboembolism among overweight and obese patients may partly be due to unmeasured comorbidity not encompassed in the CHADS 2 and CHA 2 DS 2 -VASc risk scores. Obese patients often have an unhealthy lifestyle, obstructive sleep apnea, insulin resistance, and sympathetic nervous system activation status, which are also related to thrombotic adverse events [22] . Obese patients are also often associated with a "pro-thrombotic state," meaning a higher presence of thrombotic cofactors [23] . Our study showed that overweight and obesity in AF patients were risk factors of thrombosis and stroke. However, further studies are necessary to determine whether weight reduction up to the normal range decreases the risk of AF, and hence stroke and thromboembolism. In our study, the participants were followed in a hospital follow-up center with a limited loss to follow-up. Therefore, our study was not likely subject to selection bias. The proportion of elderly patients with AF receiving warfarin therapy was low, mainly because antiplatelet therapy was administered to some high-risk patients who should have been treated with anticoagulation in clinical practice. The causes of lack use of warfarin may include poor compliance of elderly patients, a high bleeding risk associated with warfarin, frequent and complex means of monitoring the international normalized ratio, and incorrect understanding of warfarin equivalent to aspirin or clopidogrel. Therefore, anticoagulation therapy is a challenge for older patients with AF in China. In addition, the lack use of warfarin in this study might affect the incidences of cardiovascular events, which must be taken into account when administering warfarin in order to minimize the risk of under-anticoagulation or over-anticoagulation.
After a mean follow-up of 2.1 years, we found that underweight patients were associated with a significantly higher risk of all-cause mortality, overweight patients were associated with a higher risk of ischemic stroke, and obese patients were associated with a higher risk of thromboembolism compared with normal weight patients, after adjusting for risk factors included in the CHA 2 DS 2 -VASc risk score and for other risk factors. We did not find that obese patients had worse survival as compared with normal-weight patients. These findings suggest that there might be an obesity paradox among AF patients [24] . Some previous studies [25] support our findings. A possible explanation for the obesity paradox is the increased use of standard medical therapies such as angiotensin receptor blockers/angiotensinconverting enzyme inhibitors and statins in obese patients. Protection against malnutrition and energy wastage by obesity is another possible explanation [25] . Obese patients may have more metabolic reserve than lean patients, allowing a greater tolerance for stress. Moreover, the racial difference might be another crucial reason of different results in this study compared with those in previous studies [10, 19] . Several studies [26] [27] [28] demonstrated that there were significant racial differences in clinical outcomes and responsiveness to warfarin in patients with AF. Additionally, we found that renal dysfunction might be a contributor to a greater risk of cardiac or cerebral death and all-cause death in patients with AF, which has been reported by a series of studies [29, 30] . In our study, renal dysfunction did not appear to be an independent risk factor for stroke and thromboembolism. Possible reasons for this lack of finding might include a lack of stratification of renal function and no sex stratification test [31] .
Limitations
This study was limited by the relatively small number of patients, which represents a singlecenter experience. Therefore, our results may not be generalizable to all AF populations in China. We did not differentiate subtypes of AF, but current strategies for consideration of oral anticoagulation do not distinguish AF subtypes [32] . BMI is not the only tool for measuring obesity. Other indices, such as the waist-to-hip ratio or weight-to-height ratio, were not recorded. In the present study, there were insufficient data on patients with a BMI30.0 kg/m 2 and <18.5 kg/m 2 because there were only 92 and 44 patients, respectively. Therefore, we had insufficient statistical power to clarify if patients with a BMI category 30.0 kg/m 2 and <18.5
kg/m 2 might contribute to the risk of stroke and thromboembolism in patients with AF. This lack of data could also be why we did not find a significant increase in ischemic stroke in the BMI category 30.0 kg/m 2 . An investigation in a much larger AF cohort is necessary. Furthermore, perhaps more important, the racial differences and the lack use of warfarin in the study population might affect the incidences of cardiovascular events and impacts of BMI on risks of clinical outcomes. In our cohort, only 21.70% of patients were female, which could affect the sex-specific risk for adverse events [33, 34] . Changes in BMI may have occurred during followup, and this was not taken into account. However, BMI tends to be fairly stable over time, especially in older adults [35] . In a cohort study, it is difficult to deal with internal controls consisting of groups that are coarsely inhomogeneous. Therefore, a case-control study could provide a higher level of evidence.
Conclusion
BMI might affect the prognostic outcomes of AF patients. Overweight and obesity may be contributors to a greater risk of ischemic stroke and thromboembolism in Chinese patients with AF, and are associated with a significantly lower risk of all-cause mortality compared with normal weight. Underweight might be an independent predictor for all-cause mortality.
